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Abstract 
 
Unconventional soil tillage systems with paraplow and chisel with weed control and cultivated variety are 
technical modalities to improve technology for soybean crop in hilly areas. The paper presents the influence of three 
methods of soil tillage: worked with plough, the chisel tillage system and the paraplow tillage system. The research also 
focuses the possibility of weed control by using three controls with the following herbicides:  Sencor 70 WP + Basagran 
Forte, Frontier Forte + Pulsar 40, Dual Gold 960EC + Basagran Forte. Testing the possibilities of soil tillage method 
and weed control influence on soybean crop production was correlated with the using of two soybean varieties, Onix 
and Pioneer PR91M10. From the soil tillage point of view, any of the four tillage systems used can provide soybean 
crop productions more than 2173 kg/ha. The multiple comparisons of the soil tillage factor on the soybean production 
emphasize the most favourable position of the paraplow tillage system with a production of 2548 kg/ha. The choose  for 
the conventional or unconventional systems is made by the clay soil content which in case of using  must be smaller 
than 41%. In any variant of soil tillage used for obtain competitive soybean productions is necessary the weed control 
by using the preemergent and postemergent herbicides. For the hilly region of Cluj the herbicide variant Sencor 70 WP 
0.5 kg/ha + Basagran Forte 2 l/ha realized the best weed control in all variants of soil tillage. For choosing the soybean 
variety is necessary to correlate it with the climatical conditions; so, the variety is from the group of early and semi 
early soybean varieties. Soil tillage system does not condition use of a specific variety. 
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1. Introduction 
 
Theme actuality is motivated mainly by the 
importance of the soybean crop for the protein 
production and the favourable effects of the crop on 
the soil with influence on the production to all the 
crops of the rotation [1, 4, 5, 14]. Theme actuality 
comes also from the fact that the tillage technology 
is the main modality that ensures the 
competitiveness [2, 3, 7, 8, 11, 12, 15]. 
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The soybean crop tillage technology is the 
most important modality that influence and conduct 
its production. There are different technological 
modalities, but there are also different prices for 
them, so that is necessary to choose the more 
efficient modality from the economical point of 
view [6, 9, 10, 13, 16, 19]. This finding is related to 
some factors which decrease the soybean crop: in 
Cluj area they are the climatic conditions and the 
soil potential of production.  
The purpose of the research is to know and 
quantify the influence of conventional and 
unconventional soil tillage as well as weed control 
on the production of soybean in the hilly area of 
Cluj [17, 18]. 
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2. Material and Method 
 
The research organized in Cluj-Napoca, in the 
interval 2008 - 2011, followed finding the influence 
of three methods of soil tillage: worked with plough, 
the chisel tillage system and the paraplow tillage 
system.  
The tillage time was summer for the 
conventional system, worked with plough, and 
autumn for the unconventional systems, chisel 
tillage system and the paraplow tillage system.  
The research also focuses the possibility of 
weed control by using three controls with the 
following herbicides:  Sencor 70 WP + Basagran 
Forte, Frontier Forte + Pulsar 40, Dual Gold 960EC 
+ Basagran Forte. 
Testing the possibilities of soil tillage method 
and weed control influence on soybean crop 
production was correlated with the using of two 
soybean varieties, Onix and Pioneer PR91M10. The 
experimental factors are: Factor A – Method of soil 
tillage: a1. The conventional system, worked with 
plough in summer; a2. The conventional system, 
worked with plough in autumn; a3. The 
unconventional paraplow tillage system in autumn; 
a4. The unconventional chisel tillage system in 
autumn; Factor  B  - The herbicides used: b1. Sencor 
70 WP, 0.5 kg/ha + Basagran Forte, 2 l/ha; b2. 
Frontier Forte, 0.5 l/ha + Pulsar 40, 0.75 l/ha; b3. 
Dual Gold 960 EC, 1l/ha + Basagran Forte, 2l/ha; 
Factor C – The soybean variety used: c1. Onix; c2. 
Pioneer PR91M10. The experiment is trifactorial, 
the 4x3x2 (R3) type, with 24 variants [20]. The 
surface of one variant is 27 m2. The experimental 
field surface is 648 m2. 
From pedological point of view the 
experimental field is an aluvisol-calcaric [21] type 
on gravels with a loamy clay texture in the first 40 
cm and clay loam texture over 60 cm. Compaction 
degree of soil is in normal range, with values of 
apparent density between 1.20 and 1.30 g/cm3.  
The total porosity of soil is 54%, which 
ensures the minimal limit of aeration. The 
compaction degree of soil in 0 - 10 cm depth 
emphasizes a very good soil looseness, which 
favours in the first stage the weed seeds to reach the 
minimal germination depth of 3 - 4 cm, but during 
the vegetation period, in 5 - 6 cm depth some lack of 
water problems rise, following the water 
evaporation and drainage towards higher depths.  
As a conclusion, in what concerns the 
physical features of soil, these are in favor of growth 
and development of the soybean and are not 
restrictive for soil tillage systems use, even if the 
clay content of soil, around 41% is limited. The 
above ascertainments are necessary for fundament 
the effects of soil tillage both on weed growth and 
on crop production that may be registered in the 
experimental field than in extensions plots and 
normal culture. 
The chemical features of soil in experimental 
field (table 1) are related to soil texture, respectively 
to treatments applied in pre-emergent crop, before 
starting the experiments.  
The soil reaction (water pH) is weak alkaline 
on entire soil profile, with a moderate content of 
calcium carbonate, having 8.5 - 9.7% in the first 40 
cm, then an increase to 14% in the 65 - 75 cm 
horizon, and then a decrease to a moderate value of 
9.4%. The humus content is medium at surface and 
low in depth, but traces were identified until 100 
cm, owed to a biological activity in soil, related 
either to a physical displacement or a soil micro 
fauna’s activity.  
The nitrogen content in moderate in the first 
40 cm, as well as the phosphorus content, aspect 
taken into consideration in the crop fertilization 
within the crop rotation.  
The potassium content is high, over passing 
360 ppm in the first 20 cm, 360 ppm in 20 - 40 cm 
depth and 200 ppm at depths higher than 60 cm. 
As a conclusion the chemical features of soil 
do not limit the growth and development of plants in 
experimental crop rotation and the use of 
conventional and unconventional soil tillage. 
The soil quality belongs class II of quality, 
with 73 bonitations points for soybeans, good 
favorability for corn crop (81 bonitations points), 
followed by wheat (73 bonitations points).  
The bonitation conditions confirm that no 
atypical factors, like excess of humidity, flood 
ability, pseudo-gleization, are involved in 
influencing the weed growth in crop cultures, in 
different ways depending on climatic conditions of 
the experimental years.  
 
 
3. Results and Discussions 
 
As a tillage methodology perfecting measure 
for the soybean production increase, taken into 
consideration the different flower composition of 
weed species, were both the soil tillage system 
differentiation and the different weed control 
strategies together with two soybean variety testing. 
The basic principle in soil tillage system 
differentiation was the maintenance of the classical 
soil tillage system, worked with plough in different 
tillage times, in summer and in autumn.  
The two tillage times were necessary because 
of the technical and economical difficulties of soil 
tillage immediately after the straw cereals harvest. 
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 Table 1. Analytical data of soil profile 
Horizons  Ap Ao Cka Cgo 
Depth, cm 5-12 25-36 67-75 103-110 
Coarse sand, % 3.88 4.37 0.39 0.39 
Fine sand, %        23.25 22.7 13.92 19.38 
Dust I, %         12.25 14.99 12.78 11.58 
Dust II, % 18.61 16.82 24.63 19.41 
Clay 0.002mm, % 41.98 41.12 48.28 49.24 
Texture interpretation  Loamy clay Loamy clay Clay loam Clay loam 
Apparent density, g/cm3 1.20-1.30 1.30-1.35 - - 
Total porosity, % 54.0 53.8 - - 
Interpretation  Big Big - - 
pH 8.34 8.22 8.38 8.32 
Interpretation  Slight  
alkaline 
Slight  
alkaline 
Slight  
alkaline 
Slight  
alkaline 
Carbonates CaCO3,  % 8.5 9.7 14.0 9.4 
Interpretation Moderate 
carbonatate 
Moderate 
carbonatate 
Strong 
carbonatate 
Moderate 
carbonatate 
Humus, % 2.15 2.00 1.27 1.24 
Interpretation Middle Slight Slight Slight 
N total, % 0.169 0.164 0.116 0.113 
Interpretation Moderate Moderate Slight Slight 
P205 mobil, ppm 34 26 6 6 
Interpretation  Middle Middle Very slight Very slight 
K20mobil, ppm 384 364 206 206 
Interpretation Very good Very good Very good Very good 
 
 
As an unconventional tillage system was the 
chisel and paraplow using, taking into consideration 
the fuel consumption decrease for the soybean crop 
economical efficiency increase. The weed flower 
composition required different herbicides using, as 
Sencor, Frontier and Dual pre-emergent and 
Basagran and Pulsar post-emergent. The tillage 
technology optimization, as a soil tillage and 
herbicides using required also the soybean variety 
differentiation, because their production potential 
must provide the soil tillage and weed control 
charge capitalization. 
The comparisons concerning the influence of 
soil tillage on the soybean production (table 2) 
emphasize the possibility to achieve production 
between 2173 kg/ha and 2548 kg/ha, that is efficient 
from the economical point of view in the 
pedoclimatical conditions of the Transylvanian hilly 
area. Upon the first analysis it is clear that working 
the soil with plough even in summer or in autumn 
the obtained results are the same. The conclusion is 
conditioned by the work quality, which must be the 
same, without supplementary works, for the reason 
that working the soil in autumn could be expensive. 
From ours annually findings and the 
multiannually average we can say that for the 
soybean production the time of working the soil 
with plough, in summer or in autumn, is an 
important element, but it cannot provide significant 
production differences and possibilities to conduct 
the production. The time of working the soil with 
plough guarantees an harvest more than 2420 kg/ha 
in the conditions of the Cluj hilly area. 
The unconventional tillage systems, a3 and a4, 
are alternatives with the conventional tillage 
systems; between the paraplow tillage system and 
the chisel tillage systems there is a production 
difference of 5.3%. 
From the soil tillage point of view, any of the 
four tillage systems used can provide soybean crop 
productions more than 2173 kg/ha. From our point 
of view, the productions achieved in the two 
variants of working in autumn are due to a greater 
quantity of water accumulated in soil to a greater 
depth and soi it was used in a longer period of time 
by the soybean plants.  
The soybean production achievement is the 
result of many factors interaction, one of them being 
the the herbicide use for the weed control. For the 
monocotyledonated weed control we used the 
strategy with herbicides applied pre-emergent, 
combined with herbicides applied post-emergent for 
the dicotyledonated weed control. The used 
herbicides were choose taking into account the weed 
flower composition, the lowest cost in the market 
and the low toxicity of herbicides for protecting the 
environment. The influence of B factor, the 
herbicides used (table 3), confirm the fact that any 
of the three control weed strategy provide the 
possibility to achieve the soybean production 
between 2105 kg/ha and 2577 kg/ha. 
GUŞ Petru et al./ProEnvironment 6(2013) 107- 113 
 
 
 110
  Table 2. Influence of soil tillage upon soybean production 
Variant Kg/ha % Difference, kg/ha  Differences significance 
a1 2420.00 100.0 0.00 Mt 
a2 2476.89 102.4 56.89 - 
a3 2548.89 105.3 128.89 - 
a4 2173.89 89.8 - 246.11 - 
LSD (p < 5%) = 293.25 kg/ha; LSD (p < 1%) = 444.06 kg/ha; LSD (p < 0,1%) = 713.37 kg/ha. 
 
  Table 3. Influence of herbicide upon soybean production 
Variant Kg/ha % Difference, kg/ha Differences significance 
b1 2577.54 100.0 0.00 Mt. 
b2 2532.21 98.2 - 45.33 - 
b3 2105.00 81.7 - 472.54 000 
LSD (p < 5%) = 135.89 kg/ha; LSD (p < 1%) = 187.16 kg/ha; LSD (p < 0,1%) = 257.67 kg/ha 
 
 
Upon these findings and of the field 
observations the conclusion is that the third variant 
is not a solution that can provide a soybean 
production effect more than 2500 kg/ha. This is 
caused to the low effect of Dual Gold herbicide in 
relation with the low rainfall from the experimental 
years. The variance analysis of the production of the 
two soybean variants, Onix and Pioneer PR91M10, 
confirm values between 2367.78 and 2442.06 kg/ha 
(table 4). The Pioneer PR91M10 soybean variant 
(c2) assure a production efficiency significant 
distinct than the Onix soybean variant, which 
confirm an addition of 74 kg/ha to the assurance 
limit of 0.1 %. Even that the crop efficiency is only 
3.1%, we prefer this soybean variant because 2442 
kg/ha is satisfactory and also competitive to a 
technology with average charges in the conditions 
of the hilly Cluj area. 
The herbicides used for weed control, 
identified with the b1, b2 and b3 factors have effects 
correlated with the soil tillage system included 
(table 5). With any kind of soil tillage the b3 variant 
(Dual Gold 960 EC, 1 l/ha + Basagran Forte 2 l/ha) 
provide a low weed control, which transferred to the 
crop level means distinct significant negative to 
very significant negative differences, with values 
between -473 and -785 kg/ha. Exception from this 
finding is the situation in which was used the 
paraplow tillage system; in this case the soybean 
production was 2595  kg/ha, even with this 
herbicide use, bigger than in the b1a3 variant and 
equal to the b2a3 variant.  
In the situation in which was used the b1a1, 
b2a1 variants of the conventional tillage system it is 
possible to use any kind of the weed control 
strategy, because the differences between the two 
methods of herbicide use are not significant. 
Depending on the produce cost we can choose the 
most economical variant. In b1a2, b2a2, b3a2 variants, 
in which was used in autumn the conventional 
tillage system, it is possible to use b1 and b2 weed 
control strategy, which transferred to the crop level 
means 2703 kg/ha to the 2748 kg/ha. In the situation 
in which was used the b1a3, b2a3, b3a3 variants of the 
unconventional tillage system it is possible to use 
any kind of the weed control strategy, because the 
herbicide effect is favourably influenced by the soil 
tillage system. If we consider b1a3 like a standard 
variant, b2 and b3 variants achieve production 
efficiency of 5.6%.  The chisel unconventional 
tillage system b1a4, b2a4, b3a4 don’t realize a weed 
control which can provide productions bigger than 
2371 kg/ha. 
The multiple comparisons analysis of the 
interaction of soil tillage x herbicides (table 6) 
confirm that the productions level is given by the 
herbicide use variant; the use of b3 combination 
(Dual Gold + Basagran Forte) always achieve 
productions about 1898-1978 kg/ha, comparative 
with  b1 and b2 which achieve productions about 
2251-2748 kg/ha. 
The low effect of the herbicide Dual Gold in 
the b3 variant is make up for the paraplow tillage 
system (a3), when is achieved the efficiency of 33%; 
this is a distinct positive significant difference.  
Interaction soybean variety x kind of soil 
tillage is presented in table 7. From the interaction 
analysis results that the c2a3 variant in which was 
used the PR91M10 soybean variety with the 
paraplow unconventional system provide distinct 
positive significant differences, which means an 
addition of 4.5%, or 113 kg/ha.  
The table of comparisons interactions soil 
tillage x soybean variety shows productions between 
2141 and 2492 kg/ha in the case of Onix soybean 
variety and between 2206 and 2605 kg/ha in the 
case of PR91M10 soybean variety. 
The influence of the three experimental 
factors, the soil tillage, herbicides used and the 
soybean variety is emphasized by the soybean 
production variations with limits between 1896.67 
kg/ha and 2766.67 kg/ha.  
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   Table 4. Influence of soybean variety 
Variant Kg/ha %  Difference, kg/ha Differences significance 
c1 2367.78 100.0 0.00 Mt 
c2 2442.06 103.1 74.28 ** 
LSD (p < 5%) = 41.08 kg/ha; LSD (p < 1%) = 55.84 kg/ha; LSD (p < 0,1%) = 74.79 kg/ha 
 
   Table 5. Interactions of herbicides on different kinds of soil tillage 
Variant Kg/ha % Difference, kg/ha  Differences significance 
b1 a1 2733.33 100.0 0.00 Mt. 
b2 a1 2578.33 94.3 - 155.00 - 
b3 a1 1948.33 71.3 - 785.00 000 
b1 a2 2748.50 100.0 0.00 Mt. 
b2 a2 2703.83 98.4 - 44.67 - 
b3 a2 1978.33 72.0 - 770.17 000 
b1 a3 2456.67 100.0 0.00 Mt. 
b2 a3 2595.00 105.6 138.33 - 
b3 a3 2595.00 105.6 138.33 - 
b1 a4 2371.67 100.0 0.00 Mt. 
b2 a4 2251.67 94.9 - 120.00 - 
b3 a4 1898.33 80.0 - 473.33 00 
LSD (p < 5%) = 271.77 kg/ha; LSD (p 1%) = 374.33 kg/ha; LSD (p < 0,1%) = 515.34 kg/ha 
 
    Table 6. Interactions of soil tillage x herbicides 
Variant Kg/ha %  Difference, kg/ha Differences significance 
a1 b1 2733.33 100.0 0.00 Mt. 
a2 b1 2748.50 100.6 15.17 - 
a3 b1 2456.67 89.9 - 276.67 - 
a4 b1 2371.67 86.6 - 361.67 - 
a1 b2 2578.33 100.0 0.00 Mt. 
a2 b2 2703.83 104.9 125.50 - 
a3 b2 2595.00 100.6 16.67 - 
a4 b2 2251.67 87.3 - 326.67 - 
a1 b3 1948.33 100.0 0.00 Mt. 
a2 b3 1978.33 101.5 30.00 - 
a3 b3 2595.00 133.2 646.67 ** 
a4 b3 1898.33 97.4 - 50.00 - 
LSD (p < 5%) = 366.82 Kg/ha; LSD (p < 1%) = 535.47 kg/ha; LSD (p < 0,1%) = 814.00 kg/ha 
 
    Table 7. Interactions soybean variety x kind of soil tillage 
 Variant Kg/ha %  Difference, kg/ha  Differences significance 
c1 a1 2381.11 100.0 0.00 Mt. 
c2 a1 2458.89 103.3 77.78 - 
c1 a2 2456.67 100.0 0.00 Mt. 
c2 a2 2497.11 101.6 40.44 - 
c1 a3 2492.22 100.0 0.00 Mt. 
c2 a3 2605.56 104.5 113.33 ** 
c1 a4 2141.11 100.0 0.00 Mt. 
c2 a4 2206.67 103.1 65.56 - 
LSD (p < 5%) = 82.17 kg/ha; LSD (p < 1%) = 111.68 kg/ha; LSD (p < 0,1%) = 149.57 kg/ha 
 
The best combinations were those which 
include the soil tillage in autumn with any soybean 
variety and any herbicide use. In comparison with 
the soybean variety, in all the interactions PR91M10 
had a better behaviour than Onix. So that in the case 
of c2, with the soil tillage system in autumn (a3), the 
productions were between 2640 kg/ha and 2677 
kg/ha, and the production efficiency between 5.6% 
and 7.1%. The Onix soybean variety, in the best 
conditions a3b1-b3 achieve productions between 
2550 and 2513 kg/ha. The production differences, 
even are not statistically assured, are between 177 
kg/ha and 140 kg/ha.  
The interaction effect of the soil tillage system 
and treatments is also find in the case of the chisel 
tillage system in autumn. On the production data 
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base results from the interaction of the analyzed 
factors, any of the four soil tillage systems can be 
used, but plough and paraplow variant provide 
maximal productions. 
 
4. Conclusions 
 
Unconventional soil tillage systems with 
paraplow and chisel with weed control and 
cultivated variety are technical modalities to 
improve technology for soybean crop in hilly areas. 
The unconventional tillage systems in autumn, with 
paraplow tillage system and the chisel tillage 
system, are alternatives with the conventional tillage 
systems; between the paraplow tillage system and 
the chisel tillage systems there is a production 
difference of 375 kg/ha. 
From the soil tillage point of view, any of the 
four tillage systems used can provide soybean crop 
productions more than 2173 kg/ha.  
The multiple comparations of the soil tillage 
factor on the soybean production emphasize the 
most favourable position of the a3 variant 
(unconventional paraplow tillage system) with a 
production of 2548 kg/ha. The choose  for the 
conventional or unconventional systems is made by 
the clay soil content which in case of using  must be 
smaller than 41%. 
In any variant of soil tillage used for obtain 
competitive soybean productions is necessary the 
weed control by using the preemergent and 
postemergent herbicides. For the hilly region of Cluj 
the herbicide variant Sencor 70 WP 0.5 kg/ha + 
Basagran Forte 2 l/ha realized the best weed control 
in all variants of soil tillage. For choosing the 
soybean variety is necessary to correlate it with the 
climatical conditions; so, the variety is from the 
group of early and semiearly soybean varieties. Soil 
tillage system does not condition use of a specific 
variety. 
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